Acute morphological effects of cocaine on rat cardiomyocytes.
The cardiovascular actions of cocaine in vivo are varied and often antagonistic. Cocaine produces excitatory sympathomimetic effects by interfering with re-uptake of norepinephrine at adrenergic nerve terminals. However, the local anaesthetic properties of cocaine exert depressant effects on the myocardium. In an attempt to differentiate the direct effects of cocaine from the indirect sympathomimetic effects on the myocardium, primary cultures of neonatal rat cardiomyocytes were established under serum-free conditions and exposed to cocaine and/or norepinephrine. After 36-48 h in culture, spontaneously contracting cells were treated with cocaine (10-1,000 micrograms/ml) and contractile rate (beats/min) quantitated, after which the cells were processed for ultrastructural examination. The contractile rate was reduced at all dosages with nearly 80% reduction at the highest concentration studied. Recovery of beating rate was observed 24 h after removal of cocaine. Pronounced cytoplasmic vacuolation of the cells occurred at concentrations > or = 100 micrograms/ml. Ultrastructural examination revealed extensive myofibrillar disruption, membrane damage, and a near complete loss of organized sarcomeres. Nuclear morphology remained unaffected. Within 24 h after removal of cocaine from the medium, myocytes recovered their characteristic cytoplasmic architecture, indicative of sarcomere reassembly. The results observed in response to cocaine were distinctly different from the response to norepinephrine. In these myocytes, the contractile rate was enhanced twofold and morphological damage was not observed. These findings suggest that cocaine can directly alter myocardial morphology independent of its sympathomimetic effects.